Objective There are limited data about the rate of recanalization following complete coil occlusion. Long term clinical and angiographic outcome of completely occluded intracranial aneurysms (IAs) by the endovascular approach are presented. Methods Over the course of 4 years, patients with IAs which were completely occluded by coiling at our institution were reviewed. Clinical and angiographic data were analyzed. The patients were clinically assessed using the Glasgow Outcome Scale (GOS). Follow-up angiographic findings were categorized as: stable aneurysm with no recanalization, recanalization with a neck remnant and recanalization with a body remnant.
INTRODUCTION
The introduction of Guglielmi detachable coils (GDC) revolutionized the management of intracranial aneurysms (IAs) and presented endovascular therapy as a minimally invasive treatment option. 1 2 Endovascular coiling has been shown to be effective in the treatment of aneurysmal rupture as well preventing such a complication. 3 4 This is achieved by direct coil packing as well as aneurysmal thrombosis induced by coils and blood stagnation, causing mechanical exclusion of the intra-aneurysmal blood flow. It is well known that direct packing of coils plays a more important role than thrombosis. 4 However, only a few series in the English literature have addressed the benefits and outcome of achieving complete occlusion of IAs. Thus we present a single center experience with completely embolized IAs, including both clinical and angiographic outcomes.
METHODS
Retrospective review of the IAs coiling log at our center between January 2005 and March 2009 was performed. Both medical records and angiographic imaging were reviewed. Clinical presentation was recorded, and Hunt and Hess grading was used for patient with subarachnoid hemorrhage (SAH). Inclusion criteria were: single as well as multiple aneurysms less than 20 mm for which coiling and/ or stent assisted coiling resulted in complete occlusion of the cerebral aneurysm in the immediate post intervention angiogram. Both ruptured and unruptured aneurysms were included. Exclusion criteria were: partial occlusion in the immediate post coiling angiogram, size more than 20 mm and non-coilable aneurysms. Occlusion rate was based on the Raymond classification (table 1) . Both immediate and post intervention complications were recorded. Glasgow Outcome Scale (GOS) was used for clinical outcome. Admission, discharge and clinic notes were used to produce the GOS for each visit. Follow-up diagnostic cerebral angiograms (digital subtraction angiography (DSA)) were reviewed to assess the incidence of recanalization. At our institution, repeat DSA is usually performed 3e6 months after endovascular treatment and then every 1e2 years. In the case of angiographic recurrence and/or associated aneurysms left untreated, the follow-up is usually continued on a yearly basis. Angiographic images obtained immediately after endovascular treatment were compared with those obtained at each follow-up. Follow-up DSA findings were categorized as: stable aneurysm with no recanalization, recanalization with a neck remnant or recanalization with a body remnant.
Statistical analysis
Statistical analysis was performed using the standard c 2 test and Fisher's exact test. The recanalization rate was correlated with aneurysm location, aneurysm size, neck diameter, dome to neck ratio (DNR) use of stent (coiling vs stent assisted coiling) and clinical presentation. A probability value <0.05 was considered statistically significant.
RESULTS
A total of 220 IAs in 196 patients were treated with endovascular coil embolization over the course of the study. Subtotal occlusion was achieved in 137 aneurysms (62%). Only 83 aneurysms (38%) in 74 patients (15 men and 59 women) had complete occlusion post intervention. Seventy-three aneurysms were coiled while 10 were treated by stent assisted coiling. Average age at time of procedure was 52.4 years (range 27e78). Eight patients with a total of 10 aneurysms had a positive family history for aneurysms and one patient had polycystic kidney disease. Smoking history was positive in 31 patients with 34 aneurysms. Twenty-seven patients presented with SAH: one patient had grade I, 14 had grade II, seven had grade III and five had grade IV (table 2) . Clinical presentations were: headache (n¼33), ischemic stroke (n¼3), transient ischemic attack (n¼1) and visual complaint (n¼1). Only nine patients had incidental IAs (table 2).
Aneurysm characteristics
In our series, 27 aneurysms (32.5%) were ruptured and 56 (67.5%) were unruptured. Fifty-nine aneurysms (71%) were located in the anterior circulation while 24 (29%) were in the posterior circulation (table 3) . The maximum diameter ranged from 1.5 to 15 mm (mean 5.5). Thirty-six aneurysms (43.4%) were small (<5 mm), 40 aneurysms (48.2%) were medium (5e10 mm) and seven aneurysms (8.4%) were large (>10 mm). Neck diameter ranged between 1.2 and 4.5 mm (mean 2.5). Seventy-two aneurysms (87%) were <4 mm in neck diameter and 11 aneurysms (13%) were $4 mm. DNR ranged from 0.7 to 4.3 (mean 2) (table 3).
Angiographic follow-up
Duration of angiographic follow-up ranged from 6 to 48 months (mean 16.3) (figure 1). During the follow-up period, 20 aneurysms (24%) demonstrated various degrees of recanalization (table 4) . There were five aneurysms with neck remnants and 15 with body remnants. Nineteen aneurysms (26%) recanalized out of those who were treated by coiling alone (73 cases). Only one aneurysm (10%) recanalized in the stent assisted coiling subgroup. Recanalization was observed in 22% of ruptured aneurysms and in 25% of unruptured aneurysms. Recanalization rate in patients who had a family history of aneurysm was 20%. Recanalization rates in wide and narrow neck aneurysms were 36% and 22%, respectively (table 4). The average time between treatment and detection of recanalization was 12 months (range 6e48). Recanalization was seen within 6e12 months in 12 aneurysms (60%), within 12e24 month in four aneurysms (20%) and within 24e48 month in four aneurysms (20%) after treatment. Only two aneurysms remained stable on angiographic follow-up and did not require any re-intervention. However, 18 aneurysms required intervention because of aneurysm growth and coil compaction on follow-up angiogram (figure 2). Only one aneurysm was clipped while the remaining 17 were recoiled.
Clinical follow-up
Clinical follow-up after endovascular treatment ranged from 6 to 50 months (mean 17.2). At the last clinical evaluation (table 5), 65 of the 74 patients (87.8%) showed good recovery (GOS score 5), eight (10.8%) had moderate disability (GOS score 4) and one (1.4%) had severe disability (GOS score 3) (table 5) . Among 27 patients who presented with acute SAH, seven were moderately disabled while 20 had good recovery (GOS score 5). Of the 57 patients who had an unruptured aneurysm, 45 had good recovery, one was moderately disabled and one was severely disabled (GOS score 3). There was no bleeding from unruptured aneurysms or rebleeding from ruptured aneurysms during the follow-up period.
Types of coils
The following coated coils were used: Matrix coil (Boston Scientific, Fremont, California, USA), HydroCoil (Microvention, California, USA) and Cerecyte microcoil (Micrus Endovascular, California, USA) in the treatment of 29 aneurysms (coated coil alone in 16 cases, coated coil plus other coils in 13 cases). Complex coils were used in 10 cases and included: GDC 360 degrees, GDC 3D (Boston Scientific Neurovascular, Fremont, California, USA) and TruFill Detachable Coil System (Cordis, Johnson and Johnson, Bridgewater, New Jersey, USA). Platinum coils included: GDC (Boston Scientific) and Micrus microcoils (Micrus Endovascular) (table 4).
Complications
Complications were seen in six of 74 patients (8.1%), including four thromboembolic events, which were managed by intraarterial abciximab administered directly through a microcatheter positioned in the vicinity of the thrombus. Two patients had transient motor weakness which improved on follow-up. However, the other two patients were left with hemiparesis. Intraprocedural perforation was seen in one case only. Coil fracture was seen in another case. However, the coil was retrieved successfully by use of a snare (table 6) .
DISCUSSION
Ever since the introduction of detachable coils, endovascular treatment has been increasingly performed as successful treatment for IAs. 5 6 In the early stages after SAH, coiling protects against early rebleeding.
7 Coil embolization may more successfully induce flow stagnation and promote thrombus formation in tightly packed aneurysms than in partially occluded ones, because blood flow renders partial occluded aneurysms 'unstable' for thrombosis. 4 For aneurysms that are not tightly packed, GDCs are exposed to the 'water hammer effect', which is responsible for aneurysmal regrowth. 8 If an aneurysm does not show filling by angiography immediately after surgery, the procedure has been regarded as effective in avoiding coil compaction. 2 9 
Radiological outcome
The percentage of aneurysm sac obliteration after endovascular coil embolization varies and is usually graded by arbitrary angiographic interpretation. 10 The reported recanalization rates of completely packed aneurysms were also quite variable, ranging from 0% to 42%. 11e14 Raymond et al demonstrated recanalization rates of 20% in completely occluded aneurysms versus 40.1% in those with neck remnants and 51.1% in those with body remnants. In our study, only 24% demonstrated various degrees of recanalization. 15 
Factors affecting recanalization of aneurysms
Anatomic and procedural features were statistically analyzed to depict the most important factors affecting recanalization. Recanalization rates were not statistically different in ruptured and unruptured groups (22% and 25%, respectively). The recanalization rate was significantly higher in large aneurysms (57% vs 14%). There was a trend towards higher recanalization rate in wide neck aneurysms (36% vs 22%) but this was not statistically significant. Furthermore, DNR did not show statistical significance. Aneurysm recanalization was observed in 15.7% when DNR was <2 and in 31% if it was $2 (table 4) . However, in our study, only aneurysm size was statistically significant (p¼0.039). This could be related to the characteristics of the study population. Since our study only included completely coiled aneurysms, the percentage of aneurysms with a wide neck (13%) was less than those of other studies. Aneurysms of the basilar artery or the internal carotid artery bifurcation are known to be more prone to arterial flow stresses than aneurysms of the middle cerebral artery or the anterior communicating artery. It is generally considered that this phenomenon induces more frequent recanalization. 16 In our study, aneurysms located at the basilar tip and carotid bifurcation showed higher recanalization rates (83% and 25%, respectively) (table 7) . On the other hand, there was less recurrences in the aneurysms treated by stent assisted coiling than with coils only (10% vs 26%, respectively) in our series. This suggests that an important factor in preventing recurrence is better arterial wall reconstruction at the level of the neck.
The increased incidence of recanalization in patients who had a history of smoking has been documented in the literature. Similarly, there was a higher recanalization rate in patients who had a history of smoking in our series compared with nonsmokers (32% vs 18%).
Clinical outcome
In our series, completely coiled aneurysms showed a favorable clinical outcome with acceptable procedure related morbidity and mortality rates. Choi et al observed a good clinical outcomes (GOS score 5) in 81 of the 87 patients (93.1%) completely treated by endovascular coil embolization. 10 In our series, 87.8% of patients achieved good recovery (GOS score 5).
Loose packing with GDCs in ruptured aneurysms seems to lead to an increased risk of recurrent SAH compared with total or nearly total occlusion. 8 The reported risks of rebleeding or hemorrhagic events from the aneurysms treated with coil embolization ranged from 0% to 5.3%. 11 12 14 In our study, there was no bleeding episode during the follow-up period.
Complications
Choi et al reported 13.8% complication rate in 87 patients, with a morbidity of 2.3%. 10 Willinsky et al observed a 12% complication rate, with permanent morbidity or mortality rate related to the procedure in 2.9% of patients. 17 In our study, procedure related complications occurred in 8% of patients, with permanent morbidity rate related to the procedure in 2.7%. There were no procedure related deaths. In our series, 60% of recanalizations occurred within 6e12 months, and 20% within 24e48 months after the procedure.
Our study had the following limitations. The first limitation was that volume embolization ratio, the percentage of aneurysmal sac occupied by coils, was not evaluated, and it may be an important factor in aneurysm recurrence. The second limitation was that some patients did not undergo long term follow-up imaging study. Further study with longer follow-up imaging studies would be necessary to clarify the risk of recanalization after complete coiling of an aneurysm.
CONCLUSIONS
Complete endovascular occlusion of IA is certainly effective in preventing aneurysmal bleeding with a low morbidity and mortality rate but recanalization remains an issue. Long term imaging follow-up is advised.
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Key messages
< Direct aneurysmal packing of coils plays a more important role than thrombosis. < There are limited data about the benefits and outcome of achieving complete occlusion of intracranial aneurysms. < Complete occlusion is effective in preventing aneurysmal bleeding with low morbidity and mortality rate. < Recanalization rate was higher in larger aneurysms. < Smoking was associated with a higher recurrence rate. 
